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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

Rotary Machine Element and 
Method for Detecting Positional 
Values of at Least one Functional 
Part of Such a Rotary Machine 

Element 

Background of Invention 

[0001 ] 1 . Field of the Invention. 

[0002] The invention relates to a rotary machine element in which at least one functional 
part performs movements into nominal stop positions or into mechanical terminal 
stop positions which are functionally related and whose individual actual position 
values can be detected independent from one another with at least one position 
sensor. The invention further relates to a method for detecting position values of at 
least one functional part of such a rotary machine element. 

[0003] 2. Description of the Related Art. 

[0004] 

The alignment and clamping of workpieces, in particular, of crankshafts and 
camshafts, is carried out generally by hydraulically actuated chucks as a rotary 
machine element. In this connection, the workpiece can be received in a centered or 
floating arrangement by the chuck. Generally, the chuck comprises, dependent on the 
workpiece arrangement, several functions which can be carried out during the 
clamping process usually only in a temporal sequence one after another. Such 
functions are, for example, centering, clamping, as well as radial, axial, and rotary 
alignment of the workpiece. These functions are carried out by the corresponding 
functional parts, such as centering tips, alignment elements, and clamping elements. 
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The functional states are monitored by control functions, for example, recognition of 
the workpiece type, control whether a workpiece is present or absent, or the like. 
During the clamping process, mechanical stop positions are conventionally present in 
the chuck, for example, when the clamping jaws or the centering tip impact on the 
workpiece. These stop positions are nominal positions which result from the 
workpiece geometry, for example, the clamping diameter. Further stop positions 
result when the maximum stroke of the individual chuck functions is reached, 
dependent on the mechanical chuck configuration, i.e., in the end position of the 
stroke, respectively. These stop positions are the terminal stop positions. 

[0005] For controlling the different stop positions the respective mechanical movement of 
a functional part is coupled conventionally to one or more control rods whose 
positions are controlled by means of contactless proximity switches in combination 
with adjusting cams. Since particularly during alignment and clamping of crankshafts 
and camshafts a plurality of these chuck functions are necessary, numerous such 
proximity switches are required accordingly. The adjusting expenditure of these 
terminal proximity switches is high because the switching positions of each individual 
stop position must be adjusted by the adjusting cams. One proximity switch is thus 
required for each stop position. They must be adjusted with a relatively high 
precision. This high adjusting sensitivity, however, can result in faulty messages when 
vibrations occur, for example, in the case of residual imbalance of a lathe, as a result 
of machining vibrations on milling machines, or as a result of unavoidable 
concentricity deviations of the adjusting cams. 

[0006] A further problem occurs when the stop positions to be controlled are changed as 
a result of, for example, workpiece dimensions which are not constant or a different 
type of workpiece. In this situation, the switching positions must be manually 
corrected or adjusted, which results in a cost-intensive downtime of the machine, 
maintenance work, repairs, and adjusting work. 



[0007] 



A further disadvantage of conventionally employed control devices of a chuck 
resides in that a safe and reliable course of the functions is carried out serially and 
therefore is time-intensive with regard to machine cycles. For example, only after 



checking that the nominal position of a function has been reached, the next function 
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is initiated. With this method it is prevented that, for example, clamping of the 
workpiece begins already during an accidentally delayed alignment movement. The 
mechanical position of a chuck function moreover is known to the control device only 
In those positions where the terminal proximity switches are provided. Intermediate 
positions between the individual terminal proximity switches are not detected. 

[0008] Chucks are known from DE 200 12 080 in which the mechanical position of the 
piston rod is detected by a control system based on magnetostrictlve sensors. The 
position sensors are used in analogy to terminal proximity switches, i.e., the nominal 
positions provided during the course of the function or the terminal stop positions are 
controlled. Additional functions, for example, NC-controlled moving of the chuck 
functions between the stop positions, measuring, checking, or moving for 
determining a reference point, are not realized. 

[0009] Also, a servo device is known (DE 199 54 634) which enables detection of the 

respective position of the clamping piston by induction. This system is also used only 
for controlling the nominal positions or the terminal stop positions. 

Summary of Invention 

[001 0] It is an object of the present invention to configure the rotary machine element of 
the aforementioned kind and the method of the aforementioned kind such that in a 
constructively simple way the functional part can be monitored with high precision. 

[001 1] In accordance with the present invention, this Is achieved In regard to the rotary 
machine element In that the position sensor is located within a control and/or 
regulating path between the functional part and an NC~control which path Is active in 
positions between the nominal stop positions and/or the mechanical terminal stop 
positions. 

[001 2] In accordance with the present invention, this is furthermore achieved in regard to 
the method in that the actual position values of the functional parts are detected and, 
based thereon, the speed and acceleration of the functional parts is determined by 
means of the NC-control. 

[0013] 

The rotary machine element according to the invention is characterized In that the 
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position sensor is located in a control and/or regulating path between the functional 
part and the NC-contrpl. The control and/or regulating path (for short Acontrol 
path@) is active in positions between the nominal stop positions and/or the 
mechanical terminal stop positions. The position sensor enables efficient diagnostic 
methods particularly in the nominal position or in the mechanical terminal stop 
position. Procedures for a simplified detection or determination of the nominal 
position, also referred to as reference point methods, are enabled by the position 
sensor. The control and regulating function is enabled by a continuous and highly 
precise measurement of the actual position of the functional part. 

[001 4] The determination of the actual position value of the functional part enables with 
high precision the determination of speed and acceleration. Also, travel distances, 
speeds, and accelerations for the functional part can be defined. When the rotary 
machine element has several functional parts, the travel distances, speeds, and 
accelerations can be defined for each functional part individually. 

[001 5] The movements of the individual functional parts which are functionally correlated 
with one another are carried out in a precise relation to one another. The travel 
distances, speeds, and accelerations for each functional part are advantageously 
programmed, processed, and saved in data processing devices (computer) or in 
numerical control devices (NC-devices). 

[001 6] By employing the position sensor and by employing corresponding software 

programs and data processing devices (computers), these functions can be measured, 
checked, monitored, and controlled, and combinations of these tasks can be carried 
out. Processing of data and transmission of required information to peripheral devices 
is carried out advantageously by software. 

[001 7] The measuring of the actual position values by means of the position sensor Is 
advantageously a length measurement. In this case, the respective functional part of 
the machine element according to the invention performs an axial movement which is 
detected by the position sensor. 



It is also possible that the measurement of the actual position values by means of 
the position sensor Is an angular position measurement. In this case, the angular 



[0018] 
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position of the respective functional part is detected by the position sensor. 

[0019] Advantageously, the position sensor operates based on the measuring principle of 
magnetostriction. For this purpose, one or several position sensors as well as one or 
several position transducers measure (acquire) the actual position values of one or 
several functional parts. The measurement of angular positions can be realized with 
this measuring principle by a grooved component which is positioned on the axis of 
rotation (rotary axis) of the rotary machine element and, when rotated, affects the 
magnetic field and in this way enables a precise correlation of the angular position 
relative to the position sensor. 

[0020] When the rotating machine element is a chuck, it is possible to clamp one or 
several workpiece types with a different geometry, respectively, In a simple and 
reliable way. The respective course of movement of the functional parts of the chuck, 
such as a centering tip, alignment elements, and clamping elements, are processed 
and saved by NC-programs. 

[0021] In this connection, the measuring and checking functions can relate to the 

clamping diameter and workpiece length, optionally also to additional workpiece 
features, 

[0022] When the rotary machine element is a workpiece carrier for receiving a workpiece, 
the measuring function of the workpiece carrier can be used advantageously for an 
automatic recognition of a workpiece type. This recognition of the workpiece type is 
used advantageously for automatic recognition of different types of workpieces which 
reach the production process in a random sequence. 

[0023] The measuring, checking, monitoring, and control functions are advantageously 
carried out for an automated recognition of deviations from a predetermined 
movement course of the clamping process, for example, a workpiece not being 
present or similar events. 

[0024] Also, the measuring, checking, monitoring, and control functions can be employed 
for automatic recognition of impermissible workpiece movements during the 
machining process, for example, sliding of the workpiece in the chuck as a result of 
great machining forces. In this case, the position sensor also detects a corresponding 
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sliding movement of the functional part. 

[0025] When such an impermissible workpiece movement occurs, an adaptive regulation 
of the chuck functions, machining functions or the like is advantageously carried out, 
for example, an increase of the clamping force or a reduction of the feeding speed. In 
this way, an immediate response to such impermissible workpiece movements during 
the machining process can be carried out so that damage of the workpiece and/or of 
the tool is reliably prevented. 

[0026] The measuring function of a clamping chuck can be employed advantageously for 
a corrective function of parameters within the NC-programs. Such a corrective 
function can be used, for example, for automatic recognition of the axial or radial 
length of the workpiece within the chuck or the like. 

[0027] It is particularly advantageous when the nominal position values have tolerances 
correlated therewith. When the actual values surpass or drop below these tolerances, 
the monitoring and control function is activated. 

[0028] The nominal position values of the function parts required for the respective tool 
or workpiece are determined by means of a reference movement course by employing 
a reference workpiece. 

[0029] It is also possible to preset the nominal position values of the functional parts by 
programming. 

[0030] When one or several sensors are exchanged, the rotary machine element is 
calibrated by performing a reference movement course. 

[0031] In the same way, the rotary machine element is calibrated by a reference 
movement course when one or several position transducers are exchanged. 

Brief Description of Drawings 

[0032] Fig. 1 shows a rotary machine element according to the prior art in axial section. 

[0033] Fig. 2 shows an axial section of a first embodiment of the rotary machine element 
according to the Intention which rotary machine element is in the form of a chuck. 
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[0034] Fig. 3 is an axial section of a second embodiment of the rotary machine element 
according to the intention. 

[0035] Fig. 4 shows an axial section of a radial facing slide tool. 

[0036] Fig. San axial section of a work spindle with clamped tool. 

Detailed Description 

[0037] Fig. 1 shows a rotary machine element 1 in the form of a chuck 2. It comprises 
clamping elements 5, alignment elements 4 as well as a lathe center 3. Since such a 
clamping chuck 2 is known generally to a person skilled in the art, it will not be 
explained in more detail in this connection. By means of the clamping elements 5, a 
workpiece 18 is clamped within the chuck 2 and centered by means of the lathe center 
3. The workpiece can be, for example, a crankshaft or a camshaft. The clamping 
elements 5 can be moved radially. The lathe center 3 is moved with a shaft 1 9 in the 
axial direction. It is guided In a clamping sleeve 20 with which, as is known to a 
person skilled in the art, the clamping jaws 5 can be moved radially in order to clamp 
or release the workpiece 1 8. An actuator sleeve 21 Is movably supported on the 
clamping sleeve 20; the workpiece 1 8 can be moved, as is known to a person skilled 
in the art, by the actuator sleeve 21 via the alignment elements 4 Into the required 
angular position within the chuck 2. The lathe center 3, the alignment elements 4, and 
the clamping elements 5 are moved, as is known in the art. Independently from one 
another. 

[0038] In order to be able to clamp the workpiece 18 reliably, the shaft 19, the clamping 

sleeve 20, and the actuator sleeve 21 are provided at their free ends with an adjusting 
cam, respectively. They are part of a length measuring system 22 with which the axial 
movement paths of the shaft 1 9, the clamping sleeve 20, and the actuator sleeve 2 1 
are detected. 

[0039] The chuck 2 is hydraulically actuated. As is well known in the art, the hydraulic 
medium is supplied by a distributer 1 0 and a rotary passage 1 1 . 

[0040] 

During clamping, the workpiece 1 8 to be clamped Is first centered by the lathe 
center 3 for which purpose the shaft 1 9 is correspondingly moved. Subsequently, the 
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workpiece 1 8 is aligned In the chuck 2 in the required angular position. For this 
purpose, the alignment elements 4 are provided which are axially nnoved by the 
actuator sleeve 21 by the required amount and enable a radial movement by means of 
a mechanism that is not illustrated. Finally, the workpiece 1 8 is clamped by the 
clamping elements 5 as is known in the art. When doing so, the clamping sleeve 20 is 
moved in the axial direction of the clamping chuck 2. 

[0041] The adjusting cams 1 3 have correlated therewith one or several position switches 
14 wherein for each nominal position of the shaft 1 9, of the clamping sleeve 20, and 
of the actuator sleeve 21 a separate position switch 14 is provided. The position 
switches 14 are contactless proximity switches which cooperate with the adjusting 
cams 1 3 in a way known to a person skilled in the art. Since particularly upon 
alignment and clamping of crankshafts and camshafts a plurality of chuck functions 
are required, a correspondingly large number of position switches 14 is thus 
necessary. Since the switching positions of each individual stop position must be 
adjusted by the adjusting cams 13, a high adjusting expenditure Is required. For each 
individual stop position one proximity switch 14 is required. The position switch 14 
must be adjusted with very high precision. However, when machining on the machine, 
vibrations occur, for example, in the case of residual imbalance of a lathe, as a result 
of machining vibrations on milling machines, or as a result of unavoidable 
concentricity deviations. As a result of the high adjustment sensitivity of the position 
switches 14, these disruptions result in indication errors. When the stop positions to 
be controlled change, for example, because of workpiece dimensions that are not 
constant or because of a different workpiece type to be clamped within the chuck 2, 
the switching positions must be manually corrected or adjusted. This results In cost- 
intensive downtimes of the machines, maintenance labor, repairs, and adjusting work. 

[0042] ji^^ ^^f^ functional performance of the clamping action is carried out generally 
serially and accordingly time-intensive with regard to machine cycles. Only after 
checking that the nominal position has been reached for one function, the next 
function is initiated. This prevents that, for example, the workpiece clamping action 
begins already during an accidentally delayed alignment movement. However, the 
mechanical position of the clamping function is known to the control only in those 
positions in which also the position switches 14 are provided. Intermediate positions 
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cannot be recognized. 

[0043] In order to avoid these disadvantages, a first embodiment of the rotary machine 
element 1 is configured according to Fig. 2. The machine element is formed as a 
chuck 2 whose movements are detected by a linear absolute length measuring system 
which in the illustrated embodiment functions based on the magnetostrictive effect. 
The length measuring system of Fig. 2 has a magnetostrictive position sensor 6 and 
position transducers 7 to 9. The magnetostrictive position sensor 6 is fixedly 
connected with the radially stationary oil distributer 10 which supplies the chuck 2 
with hydraulic energy for actuating the different movements of the chuck 2. The oil 
distributer 10 is decoupled by the rotary passage 1 1 from the rotary movement of the 
chuck 2. Advantageously, the oil distributer 1 0 is located outside of the spindle 1 2 in 
order to ensure a simple accessibility in case of maintenance. The oil distributer 10 is 
fastened with fastening elements 23 on an end face of the spindle 1 2. 

[0044] The position sensor 6 can be embodied according to other measuring principles 
known in the art; examples are laser technology, optics (optical systems), ultrasound, 
or the like. 

[0045] 

The position sensor 6 is arranged coaxially to the rotary axis of the chuck 2. The 
position sensor 6 has a rod-shaped projection 24 positioned on the rotary axis of the 
chuck 2 and surrounded by the position transducers 7 to 9. They are positioned 
coaxially relative to the clamping chuck 2 and are connected mechanically fixedly with 
the components 19, 20, and 21 of the chuck 2, respectively. The position transducer 7 
moves proportionally to the movement of the lathe center 3 and is provided at the 
free end of the shaft 19 of the lathe center 3. The position transducer 8 moves 
proportionally to the movement of the alignment elements 4 and is provided on the 
free end of the actuator sleeve 21 of the alignment elements 4. The position 
transducer 9 moves proportionally to the clamping elements 5 and is arranged at the 
free end of the clamping sleeve 20. In this way, the movements of the individual 
clamping chuck components 3 to 5 are transmitted mechanically directly onto the 
position transducers 7 to 9 which move relative to the stationery position sensor 6. 
Since the position transducers 7 to 9 are connected mechanically directly to the 
moving elements 19, 20, 21 of the clamping chuck parts 3 to 5, the position 
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transducers 7 to 9 indicate or represent with very high security the functional state of 
the individual clamping chuck functions of the clamping chuck 2. Moreover, this 
provides a very high measuring precision. Since the position transducers 7 to 9, which 
are advantageously formed as rings, move along the rod-shaped projection 24 of the 
position sensor 6, each position of the lathe center 3, of the alignment elements 4, 
and of the clamping elements 5 is detected. Moreover, an adjustment of the position 
sensor in regard to a respective application is not required. The projection 24 of the 
position sensor 6 has such a length that the position transducers 7 to 9 in any 
adjusted position of the chuck elements 3 to 5 surround this projection 24 and 
generate corresponding signals. 

[0046] In the embodiment according to Fig. 3, the position sensor 6 and the position 
transducers 7 to 9 are arranged directly within the clamping chuck 2 while in the 
preceding embodiment they were positioned outside of the clamping chuck. The 
projection 24 of the position sensor 6 is significantly longer than that of the preceding 
embodiment because it must extend through the spindle 12. In other respects, this 
rotary machine element 1 in the form of the chuck 2 is identical to the preceding 
embodiment. The position sensor 6 is fastened on the oil distributer 1 0 which, in turn, 
is connected by the adjusting element 1 3 with the spindle 12. Since the position 
transducers 7 to 9 and the position sensor 6 are arranged in the clamping chuck 2, it 
is correspondingly longer than the chuck according to Fig. 2. For removing the chuck 
2, for example, in the case of a repair being required, the position sensor 6 and the 
position transducers 7 to 9 must not be demounted. 

[0047] In the method according to the invention, particularly in the positions between the 
nominal position values and/or the mechanical terminal stop positions, control and 
regulating-technological methods are used. Parameters such as the travel distance, 
course of movement, speed, and acceleration can be defined in a targeted way for 
each clamping chuck function individually by means of an NC- program. Moreover, in 
comparison to the know methods, a plurality of advantages and new application 
possibilities are provided. 



A significant advantage is the reduction of the duration for the complete clamping 
process. In the known methods, it Is necessary to have a serial course of the individual 



[0048] 
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clamping chuck functions. In the chuck according to Figs. 2 and 3, different clamping 
chuck movements can be performed parallel to one another, when possible and 
sensible with regard to kinematic and clamping technological aspects. 

[0049] In the general clamping technology it is known that the dynamics of a clamping or 
alignment movement has a significant effect on the clamping and alignment quality of 
the clamping chuck 2 and thus onto the machining result. As a result of the possibility 
of control or regulating provided in the clamping chuck according to Figs. 2 and 3, for 
example, the speed of the lathe center 3 can be reduced before reaching the nominal 
position values and, in this way, possible tension or stress on the workpiece can be 
prevented. 

[0050] In practice, the task of clamping workpiece types of different geometry with the 

chuck 2 Is often encountered. For each workpiece type an individual movement course 
is required. For this purpose, according to the known methods, when employing the 
chuck according to Fig. 1, the adjusting cams 1 3 of the position switches 14 must be 
precisely adjusted for each clamping chuck function in a time-consuming, 
cumbersome procedure. These adjustments must be carried out even when a 
workpiece type which has already been machined before is clamped again. When 
employing the clamping chuck according to Figs. 2 and 3 for different types of 
workpieces, the required movement courses of the clamping chuck 2 can be 
advantageously programmed. The programs can be saved in the data storage device 
of the NC-control and can be used as needed. 

[0051] Wide dispersions of the workpiece clamping diameter cause functional 

disturbances in the known methods and require manual corrections of the adjusting 
cams 13 of the position switches 14. When employing the magnetostriction method 
according to Figs. 2 and 3, tolerances can be defined for the nominal position values 
which cover the usual dispersions of the clamping diameter. When the actual values 
surpass or drop below the tolerances, a diagnostic error software can detect actual 
functional disruptions, for example, that the workpiece 18 is missing, so that the 
process safety is increased. 

[0052] Programming of the movement course of the components 3 to 5 of the clamping 
chuck 2 can be manually performed by a single detection and saving action of the 
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[0053] 



[0054] 



[0055] 



[0056] 



nominal position values, for example, by means of a reference movement course and 
a reference workpiece. As an alternative, the movement course can also be 
programmed without a workpiece 18 in that the corresponding nominal position 
values are provided within the program flow. The movement range of the clamping 
chuck elements 3 to 5 Is detected by a reference movement course and without a 
workpiece. 

A further advantage when employing the magnetostriction method is the simple 
exchange of the position sensor 6 In the case of repair, in order to calibrate the 
clamping chuck 2, it is sufficient to perform a reference movement course of the 
clamping chuck functions. The adjustments of the adjusting cams of the position 
switches 1 4 necessary in the known methods are not required in the method of the 
present invention. 

The length measuring system is also well-suited to perform measurements of the 
workpiece geometry in combination with the diagnostic functions. For example, the 
length position of the workpiece 1 8 can be measured, can effect a corresponding 
correction within the NC-program by means of the evaluation of the lathe center 3 in 
the clamping position that is reached, and in this way can replace external measuring 
devices that may be required according to prior art devices and methods. 

A further application is a so-called chaotic processing in which different 
workpiece types are supplied in random sequence for machining on the machine. The 
possibility of measuring the clamping diameter by means of the clamping chuck 2 via 
the length measuring system 22, based on the measured result a correlation to the 
respective workpiece type can be carried out and the corresponding NC-program can 
be automatically activated. This application can be used also for measuring results 
derived at the lathe center 3. 

Fig. 4 shows a workpiece carrier 1 5 which is embodied in particular as a radial 
facing slide tool or as a drill rod. The workpiece carrier 1 5 has a cone 25 with which it 
is clamped in the clamping receptacle 26 in the work spindle 1 6, as is known in the 
art. The work spindle 1 6 has a slide 37 whose extended shaft 1 9 has the annular 
position transducers 8 which surrounds the projection 24 of the position sensor 6. 
The slide 37 has within the work spindle 1 6 a radial flange 27 on which one end of a 
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pressure spring 28 surrounding the shaft 19 is supported. The other end of the 
pressure spring 28 is supported on a stop ring 29 which rests peripherally against the 
Inner wall 30 of a spindle sleeve 31 and also on a radially inwardly directed shoulder 
surface 32 in the inner wall 30 of the spindle sleeve 3 1 . On the side of the flange 27 
facing away from the stop ring 29 the spindle sleeve 31 is provided with a radially 
inwardly oriented flange 33 which is in the movement path of the flange 27 of the 
shaft 19 of the slide 37 and provides a terminal stop for the slide. The function of the 
tool carrier 1 5 and of the work spindle 16 is known in the art and is therefore not 
explained in detail in this connection. In correlation with the travel distance of the 
slide 37, the position transducers 8 moves relative to the projection 24 of the position 
sensor 6. In this way, the position of the slide 37 can be detected reliably and with 
high precision. 

[0057] The aforementioned diagnostic functions, such as measuring, checking, 

monitoring, and controlling as well as additional functions can be realized with such 
tool carriers 1 5. 



Fig. 5 shows as a rotary machine element 1 a work spindle 1 6 of a machine tool in 
which the measuring system for monitoring the correct clamping position of a tool 1 7 
in the spindle is used. The spindle 2 has a clamping receptacle 26 in which the tool 17 
is clamped in a way known in the art. The position sensor 6 according to the 
embodiments of Figs. 2 to 4 is attached to the oil distributer 1 0 which, in turn, is 
fastened via the fastening elements 23 on the work spindle 16. The position sensor 6 
comprises the rod-shaped projection 24 which, in accordance with the preceding 
embodiments, Is positioned on the axis of the work spindle 16 and projects through 
the oil distributer 1 0 as well as the rotary passage 1 1 . The projection 24 Is 
surrounded by the position transducer 8 which is mechanically fixedly connected to 
the clamping element 5 with which the workpiece 1 7 is clamped in the work spindle 
1 6 in a way known in the art. The clamping element 5 is moveable axlally In the work 
spindle 1 6 and has a piston 24 which separates two pressure chambers 35, 36 from 
one another. The hydraulic medium is supplied into the pressure chambers 35, 36 via 
the oil distributer 1 0 and the rotary passage 1 1 in order to load the piston 34 for 
clamping or releasing the tool 1 7. Since the position transducer 8 is connected 
directly mechanically with the clamping element 5, the position sensor 6 can detect 
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the position of the position transducer 8 and thus also the position of the clamping 
element 5 in a reliable way and with high precision. In this way it is ensured that the 
tool 1 7 is clamped perfectly in the woric spindle 1 6. 

[0059] The described length measuring system 22 has been described above by means of 
clamping chucl<s and tools in an exemplary fashion. This method can also be 
employed in other embodiments, for example, in the case of Kaplan water turbines, 
stranding machines, or machine tools. In the case of machine tools, particularly 
workpiece carriers or tool carriers, for example, chucks, tool turrets (driven tools), 
drum turrets, radial facing slides, or controlled drill rods, can be employed. 

[0060] While specific embodiments of the invention have been shown and described in 

detail to illustrate the inventive principles, It will be understood that the invention may 
be embodied otherwise without departing from such principles. 
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